A system to segment and recognize Australian 4-digit
Introduction
Postal address recognition has been an active area of research and development [4, 5] . Several products are currently being used for automated mail sorting. However, there is still a need for better speed, better accuracy and lower cost systems. The key to the design of such systems is the use of robust algorithms and features with good discriminating ability. Even when the problem is restricted to recognition of printed addresses, the system must be robust to changes in orientation and size as well as lighting variations and noise.
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Contrast Enhancement
The main preprocessing method that we applied to the address label is a contrast enhancement algorithm described in reference [3]. The disadvantage of thresholding to separate foreground from the background is that each pixel is updated depending only on its current value. Thresholding is acceptable when the contrast is high. For low contrast images the threshold method yields noisy results. The histogram of a typical address label is shown in Fig.  1 . The foreground and background of the image are represented by the lower and upper peaks respectively in the histogram. However, the values in the two regions can overlap as shown in Fig. 1 . The contrast enhancement algorithm attempts to separate them by restimating pixel values considering neighbourhoods of pixels to get a histogram like the one shown in Fig. 2 , which can be easily thresholded. The algorithm uses the standard deviation and mean of a local 5x5 window applied across each pixel to enhance the contrast of the image. In general, the following two functions can be applied to a pixel 
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(Q = 0) over a window with an average, A = 0, the window could be considered to be a dark background or a large foreground feature. By adding an offset to the centre pixel, the pixel intensity is increased.
Both stretch and offset are a function of standard deviation. Examples of typical strectch and offset functions are given in Fig The new centre pixel of the 5x5 window is given by
P'
is the new value of the pixel value
is the standard deviation of the is the current value of the centre where A is the average of the window
4)
is the offset An example of an original postcode is shown if Fig.  5 . The same postcode after contrast enhancement is shown in Fig. 6 . Other spatially adaptive filters for restoration can also be used. The postcode is then segmented into digits was performed by examining the x-projection for gaps.
Angle Estimation
The angle by which the address label is rotated is determined by locating the top, bottom and left hand corners of the address label. Fig. 7 and Fig. 8 show 
Feature Extraction from segmented digits
A database of 256x256 pixel bilevel images of digits in 9 fonts was used. Each bilevel image is first is projected at various angles, to produce one uniquely defined in a wedge shaped region dimensional, deterministic sequences. Bispectral 0 5 fi 5 f2 5 fi + f2 5 1 when there is no aliasing Rf, 9 f 2 ) = X(f1 )X(f2)X * U 1 + f 2 1 and (oversampled) and the frequencies are normalized by extended algorithm using parallel beam projections one-half the sampling frequency. The features, P(a), at various angles [references in 2. In this work, correspond to phases of the bispectrum integrated rotation invariance is achieved differently using an along radial lines in bifrequency space, which have angle estimation algorithm. The main objective is to slopes between 0 and 45 degrees. These features are use selected one-dimensional projections and proved to be translation and scale invariant [l] . selected features to make the system suitable for onRotational invariance is incorporated into an line implementation. its corresponding x-projection and (c) the bispectral plots of the amplified sequence and original sequence.
Performance with changing digit size
From Fig. ll(c) , the resultant plots show very little variation in the bispectral parameters, even when the original sequence x(n) is amplified by 1.5 times. The slight variations are caused by the approximations in the resize algorithm used when the digit was resized. Therefore, parameters P(a) are amplitude invariant.
Performance with translated digits
#of Dixels Fig. 3 A translated digit. The numeral three has been shifted 32 pixels to the right in (a), (b) shows its corresponding x-projection and (c), plots of the translated sequence and its original.
Optimal Choice of Features
Still further reduction in computations is achieved by I reducing the number of projections. Two techniques for reducing the number of rotations can be applied. One technique is to rotate the digits between 0 and 180 degrees in large steps and the other technique is to choose angles of importance. The latter method is applied in this case, and the importance of an angle is chosen using the criterion mentioned above for Each digit is rotationally aligned to be close to vertical before taking its parallel beam projection (xprojection) and computing the features, One technique to reduce computations is to reduce the number of feature points in the bispectrum calculations.
Further reduction is possible by selecting only the feature point selection.
feature points that are important. To determine if a feature point is important, bispectral features for all fonts and numerals are statistically analyzed. Features are selected using large inter-digit variances and small inter-font variances within the same digits as the criterion.
For the results shown, 16 bispectral features were computed from each projection. The important feature points that best match the criteria set out above were found to be 8, 9, 10, 11, 15, and 16. The projection angles chosen for all bispectral calculations were 5, 10, 15, 20, 25, 35, 40, 50, 60, 75, 80, 100, 150, 160, 165, 170 degrees. A nearest neighbour (1-NN) classifier was used.
Noise Pegormance
Fig. 4 Clean and noisy images. (a) shows a clean image of a seven from the sample data set, (b) shows the same image with 1% noise and (c) with 5% noise.
To test the noise performance, a database of Fig. l(c) are generated for the noisy images and bispectral features for clean images is trained. compared with those in the database. Results are Images with 1% and 5% noise like those in Fig. 4 are then tested. The bispectral features like those in shown in Table 1 Table 1 Recognition results of noisy digits. Table 1 shows that 1% background noise does not affect the recognition system in any way, it still detects all the digits with 100% accuracy. However, with 5% background noise, the numeral zero was detected as a nine, giving a 90% detection accuracy. Overall, results show the bispectral is relatively immune to background noise.
Conclusion
Good classification accuracy was obtained for scanned digits. However, an on-line implementation revealed that lighting variations cause changes in the preprocessed image, which in turn produce changes in bispectral feature values. As a result, the projections and features selected from scanned inputs are not the best for on-line acquisition using a video camera. This problem can be addressed by making the algorithm adapt and train to data on-line. Artificial neural network or learning vector quantizer classifiers may also improve results.
